INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCX) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
26 July 2001 (26.07.2001) 




mini 



PCT 



nil 



(10) International Publication Number 

WO 01/54253 Al 



(51) International Patent Classification 7 : H02K 7/14, 
F04B 35/04 

(21) Internationa! Application Number: PCT/KR00/01488 

(22) International Filing Date: 

1 8 December 2000 (18.12.2000) 



(25) Filing Language: 

(26) Publication Language: 
(30) Priority Data: 



English 
English 



2000/2829 



21 January 2000 (21.01.2000) KR 



(71) Applicant (for all designated States except US): LG 
ELECTRONICS INC. [KR/KR]; 20, Yoido-dong, 
Youngdungpo-gu, Seoul 150-010 (KR). 

(72) Inventor; and 

: (75) Inventor/Applicant (for US only): JEUN, Young, Hwan 
i [KR/KR]; Eun-A Apt, 210-202, Shinwol-dong, Chang- 
! won-shi, Kyongsangnam-do 641 -060 (KR). 



(74) Agents: KIM, Yong, In et al.; Yo Sam Building, 
15th Floor, 648-23 Yeoksam-dong, Kangnam-ku, Seoul 
135-080 (KR). 

(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, 
DM, EE, ES, Fl, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE. KG, KP, KZ, LC, LK, LR, LS, LT, LU, LV, 
MA, MD, MG. MK, MN, MW, MX, NO, NZ, PL, PT, RO, 
RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, 
US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG , KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, H, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, a, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'' appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: DEVICE AND METHOD FOR CONTROLLING PISTON POSITION IN LINEAR COMPRESSOR 



20 



31 




32 




33 

— 5 1 




1 1 1 

current 

detecting 

part 




1 1 

integrating 

part 




first square 
waw 

generating 
part 





motor 



stroke 
generating 
part 

— r 



second square 

'generating 
part 



51 



"T" 
50 



zero crossing 
detecting \- 
circuit 



controlling 
part 



pnase 

controlling 

part 



in 



O 



(57) Abstract: Device and method for controlling a piston position in a linear compressor, having a power source, a triac, and a 
motor, the device including a current phase detecting part for detecting a current switched at the triac integraung the current, and 
generating a first square wave corresponding to the integrated current, a stroke phase detecting part for generating an AC voltage 
waveform having a fixed frequency and varied amplitude according to a piston reciprocation position foUowmg motor operation, and 
generating a second square wave corresponding to the AC voltage waveform, a zero cross detecting part for detecting a zero crossing 
of the vokage supplied from the power source, and a controlling part for generating a signal for controlling a piston posiuon according 
to a phase difference of the first square wave detected at Ihe current phase detecting part and the second square wave detected at the 
stroke phase detecting part, thereby making an efficiency and a reliability the best by controlling a piston position in a cyhnder such 
that a top clearance becomes a minimum according to a phase difference of a current square wave and stroke square wave. 
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DEVICE AND METHOD FOR 
CONTROLLING PISTON POSITION IN 
LINEAR COMPRESSOR 



Technical Field 

5 The present invention relates to a linear compressor, and more particularly, to device and 

method for controlling a piston position in a linear compressor. 
Background Art 

A background art device and method for controlling a piston position in a linear compressor 
will be explained with reference to the attached drawings. FIG. 1 illustrates one example of the 

1 0 background art device for controlling a piston position in a linear compressor, and FIG. 2 illustrates 
waveforms of high, regular, and low voltages from the AC-DC voltage transformer in FIG. 1, and 
FIG. 3 explains a definition of top clearance. 

Referring to FIG. 1, one example of the background art device for controlling a piston 
position in a linear compressor is provided with a power source 1 for supplying AC 220V, a triac 

15 2 for switching AC 220 volt from the power source 1 in response to a control signal, a motor 3 
operative by AC220V switched thereto through the triac 2 for reciprocating a piston, a stroke 
generator 4 for generating an AC voltage waveform having a fixed frequency and varied amplitude 
according to a piston reciprocating position, a rectifying circuit 5 for rectifying the AC voltage 
waveform generated at the stroke generator 4, a filter circuit 6 for filtering the voltage waveform 

20 rectified at the rectifying circuit 5 into a DC voltage waveform, an AC-to-DC voltage transformer 
7 for transforming the DC voltage waveform filtered at the filtering circuit 6 into a corresponding 
DC voltage, a zero cross detecting circuit 8 for detecting a zero crossing of AC 220V supplied from 
the power source 1 , a microcomputer 9 for convening the DC voltage from the AC-to-DC voltage 
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ira „„omKT 7 i.uo a icng.h u. onion reciprocal, .orrcpondin, ;.. H.c I >< olugc comparing the 
length of i he pision rcciprocaiion lo a prcsci x aluc. mid pmx iding a control signal according 10 a 
result of tlte comparison, and a phase controlling pan 10 for controlling a firing angle to control a 
stroke in response lo a control signal from the microcomputer 9. 
5 The operation of the background art device for controlling a piston position in a linear 

compressor of the present invention will be explained. 

When the phase controlling part 1 0 provides a triggering signal for a firing angle at an initial 
drive of the linear compressor, the triac 2 switches AC220V from the power source 1 to the motor 
3. so that the motor 3 reciprocates the piston in a cylinder. In this instance, the stroke generator 4 
10 generates an AC voltage waveform having a fixed frequency and varied amplitude according to a 
piston reciprocation position. And, the rectifier circuit 5 rectifies the AC voltage waveform 
generated at the stroke generator 4, and the filter circuit 6 filters the voltage waveform rectified at 
the rectifying circuit 5 into a DC voltage waveform. Then, the AC-to-DC voltage transformer 7 
transforms the DC voltage waveform filtered at the filtering circuit 6 into a DC voltage 
1 5 corresponding to the DC voltage waveform. And, the zero crossing detection circuit 8 detects a zero 
crossing of the AC220V from the power source 1 , and provides a signal of a zero crossing detection 
result. According to this, the microcomputer 9 converts the DC voltage from the AC-to-DC voltage 
transformer 7 into a length of piston reciprocation, compares to a preset value, and provides a control 
signal according to a result of the comparison. That is, the microcomputer 9 converts the DC voltage 
20 from the AC-to-DC voltage transformer 7 into a length of piston reciprocation corresponding to the 
DC voltage, compares to a preset length for a regular stroke voltage under a regular pressure, and, 
as shown in FIG. 2. as a result of the comparison, if the DC voltage from the AC-to-DC voltage 
transformer 7 is a stroke voltage at a high pressure or a low pressure, provides a control signal for 
altering the stroke voltage into a stroke voltage at a regular pressure. Then, the phase controller 1 0 
25 provides a signal for controlling a firing angle to control the stroke in response to the control signal 

2 
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lVom thc microcomputer 9. Thu. i>. »hc phase controller l«. provides a control signal lor rcd.cn, 
a firing angle according to « control signal for .ferine « P™» urc stroke voltage from the 
microcomputer 9 into a regular pressure stroke voltage, or a control signal for increasing a firing 
angleaccordingtoacont^ 

9 into a regular pressure stroke voltage. According to this, the triac 2. triggered by the control signal 
from the phase controller 1 0, controls a voltage phase of the AC220V from the power source 1 , and 
themotorSreciprocatesthepistoninthecylinderaccordingtoaphasecontrolledat 

is, the triac 2 controls the voltage phase of the AC220V from the power source 1 according to a 
control signal for reducing the firing angle from the phase controller 10, to reduce a current to the 
motor 3, such that the motor 3 in turn reduces the piston reciprocation length in the cylinder shorter, 
or the triac 2 controls the voltage phase of the AC220V from the power source 1 according to a 
control signal for increasing the firing angle from thephase controller 10, to increase a current to the 
motor 3, such that the motor 3 in rum increases the piston reciprocation length in the cylinder 
shorter. Thus, by repeating the foregoing process, the microcomputer 9 converts the DC voltage 
from the AC-to-DC voltage transformer caused by the piston reciprocation in the cylinder into a 
piston stroke length corresponding to the DC voltage, for controlling a piston position. 

However, the background art device and method for controlling a piston position in a linear 

compressor has the following problems. 

First, the system is complicate with the rectifying circuit, the filtering circuit, the AC-to-DC 
voltage transformer, and there is a difference between an actual position and a fedback position 
because of much error at a stroke-feedback device, and the error is related to an error at the circuits 
inclusive of the errors at the motor and the mechanical components, no matter how precisely the 
system is fabricated, occurrence of collision between the piston and the valves /deterioration of an 
efficiency/increase of noise caused by error are not avoidable. 

Second, the system has a poor load estimation capability such that, as shown in FIG. 3. load 
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variali on a, a u>p clearance portion can no, !v estimated, .hai cause, .he eontrollin, of .Ik system 
very difficult, and prediction of environmental variaiion.tcmpemture variation) and non-regular 
characteristics in a set state(gas leakage, cycle blocking) is difficult. 

Disclosure of Invention 

Accordingly, the present invention is directed to device and method for controlling a piston 
position in a linear compressor that substantially obviates one or more of the problems due to 
limitations and disadvantages of the related art. 

An object of the present invention is to provide device and method for controlling a piston 
position in a linear compressor, in which a piston position in a cylinder is controlled for minimizing 
a top clearance. 

Additional features and advantages of the invention will be set forth in the description which 
follows, and in part will be apparent from the description, or may be learned by practice of the 
invention. The objectives and other advantages of the invention will be realized and attained by the 
stmctureparticularlypointedoutinmewrittendescriptionandcldmsher^^ 

drawings. 

To achieve these and other advantages and in accordance with the purpose of the present 
invention, as embodied and broadly described, the device for controlling a piston position in a linear 
compressor, having a power source, a triac, and a motor, includes a current phase detecting part for 
detecting a current switched at the triac, integrating the current, and generating a first square wave 
corresponding to the integrated current, a stroke phase detecting part for generating an AC voltage 
waveform havingafixed frequency and varied amplitude according to a piston reciprocation position 
following motor operation, and generating a second square wave corresponding to the AC voltage 
waveform, a zero cross detecting part for detecting a zero crossing of the voltage supplied from the 
power source, and a controlling part for generating a signal for controlling a piston position 
according to a phase difference of the first square wave detected at the current phase detecting part 
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and the second square uaxe delected at ll.c stroke pl.ase detecting nan. 

The current phase detecting part includes ..current detecting part for detecting a current 
switched at the triac. an integrating part for integrating the current detected at the current detecting 
part, and a first square wave generating part for generating the first square wave corresponding to 
the current integrated at the integrating part. 

The stroke phase detecting part includes a stroke generating part for generating the AC 
voltagewaveformhavingafixed frequency and varied amplitude according to a piston reciprocation 
position, and a second square wave generating part for generating the second square wave 
corresponding to the AC voltage waveform generated at the stroke generating part. 

The controlling part detects a piston position at which the top clearance becomes a minimum 
according to a phase difference of the first and the second square waves and provides a signal for 
controlling the piston position at which the top clearance becomes the minimum. 

The device for controlling a piston position in a linear compressor further includes a 
rectifying part for rectifying the voltage waveform of the stroke detected at the phase detecting part, 
and an AC-to-DC converting part for converting the rectified voltage waveform into a DC 
waveform. 

In another aspect of the present invention, there is provided a method for controlling a piston 
position in a linear compressor having a power source, a triac, and a motor, including the steps of 
(1) generating a first square wave corresponding to a current of a voltage switched at the triac, (2) 
generating a second square wave corresponding to a stroke occurred as the motor is operated by the 
voltage, and (3) controlling a piston position by controlling a phase of voltage switched at the triac 
according to a phase difference of the first square wave and the second square wave. 

The step (3) is the step for providing a control signal for controlling a piston position such 
that a top clearance becomes a minimum according to a phase difference of the first and second 
square waves. 
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invention as claimed. 

Ppipf DESCR1PJJQN THF DRAWINGS 

The accompanying drawings, which are included to provide a further understanding of the 
invention and are incorporated in and constitute a part of this specification, illustrate embodiments 
of the invention and together with the description sen. to explain the principles of the invention: 

In the drawings: 

FIG. 1 illustrates one example of a background art device for controlling a piston position 

in a linear compressor; 

FIG. 2 illustrates waveforms of high, regular, and low voltages from the AC-DC voltage 

transformer in FIG. 1 ; 

FIG. 3 explains a definition of top clearance; 

FIG. 4 illustrates a device for controlling a piston position in a linear compressor in 
accordance with a first preferred embodiment of the present invention; 

FIG. 5 illustrates a device for controlling a piston position in a linear compressor in 
accordance with a second preferred embodiment of the present invention; 

FIG. 6 illustrates waveforms at different components of FIGS. 4 and 5; 

FIG. 7 illustrates a phase difference between a current phase and a stroke phase; 

FIG. 8 illustrates shifted paths of a current phase and a stroke phase following pressure 
changes: and, 

FIG. 9 illustrates a difference between a current phase and a stroke phase at a pressure. 

iwt MnHff for Carrvir " n "< the Invention 

Reference will now be made in detail to the preferred embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings. FIG. 4 illustrates a device for 
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controlling a piston position in a I incur compressor in accordance « nh a lirs.1 preferred embodiineni 

of the present invention. 

Referring to FIG. 4. the device for controlling a piston position in a linear compressor in 
accordance with a first preferred embodiment of the present invention includes a power source 10 
for supplying AC 220V. a triac 20 for switching AC 220 volt from the power source 1 0 in response 
to a control signal, a current phase detecting part 30 for detecting the current switched through the 
triac 20, integrating the current, and generating a first square wave corresponding to the integrated 
current, a motor 30 operative on the AC220V switched thereto through the triac 20 for reciprocating 
a piston in a cylinder, a stroke phase detecting part 50 for generating an AC voltage waveform 
having a fixed frequency and varied amplitude according to a piston reciprocation position and 
generating a second square wave corresponding to the AC voltage waveform, a zero cross detecting 
circuit 60 for detecting a zero crossing of the AC 220V supplied from the power source 10, a 
controlling part 70 for generating a signal for controlling a piston position according to a phase 
difference of the first square wave provided from the current phase detecting part 30 and the second 
square wave provided from the stroke phase detecting part 50, and a phase controlling part 80 for 
controlling a firing angle to control a stroke in response to a control signal from the controlling part 
70. The current phase detecting part 30 includes a current detecting part 3 1 for detecting a current 
switched through the triac 20, an integrating part 32 for integrating the current detected at the current 
detecting part 31, and a first square wave generating part 33 for generating the first square wave 
corresponding to the current integrated at the integrating part 32. The stroke phase detecting part 
50 includes a stroke generating part 51 for generating the AC voltage waveform having a fixed 
frequency and varied amplitude according to a piston reciprocation position, and a second square 
wave generating part 52 for generating the second square wave corresponding to the AC voltage 
waveform generated at the stroke generating part 51 . 

FIG. 5 illustrates a device for controlling a piston position in a linear compressor in 
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accordance v.iih u .>ccoml preferred embodiment of .he present invention, uhieh include. , 
convening part 90. additionally. The conv erting part 90 includes a rectifying par. 91 for readying 
the AC voltage waveform generated at the stroke generating part 5 1 . and an AC-to-DC convening 
part 92 for converting the AC voltage waveform rectified at the rectifying part 91 in a DC voltage 
waveform corresponding to the AC voltage waveform. 

FIG. 6 illustrates waveforms at different components of FIGS. 4 and 5, FIG. 7 illustrates a 
phase difference between a current phase and a stroke phase, FIG. 8 illustrates shifted paths of a 
current phase and a stroke phase following pressure changes, and FIG. 9 illustrates a difference 
between a current phase and a stroke phase at a pressure. What is drawn in the foregoing drawing 
does not limit the present invention. A method for controlling a piston position in a linear 
compressor in accordance with a preferred embodiment of the present invention will be explained, 
with reference to the attached drawings. 

Referring to FIG. 4, at an initial operation of the linear compressor, when the phase 
controlling part 80 provides a triggering signal for a firing angle as shown in FIG. 6C, the triac 20 
switches an AC220V as shown in FIG. 6A supplied thereto. Then, the current phase detecting part 
30 detects, integrates a current switched through the triac 20, and generates a first square wave 
corresponding to the integrated current. That is, the current detecting part 31 of the current phase 
detecting part 30 detects a current as shown in FIG. 6B switched through the triac 20. Then, the 
integrating part 32 integrates the current detected at the current detecting part 31 as shown in FIG. 
6D. According to this, the first square wave generating part 33 generates the first square wave 
corresponding to the current integrated at the integrating part 32 as shown in FIG. 6E. On the other 
hand, the motor 30 is driven by the power switched at the triac 20, to reciprocate the piston in the 
cylinder. In this instance, the stroke phase detecting part 50 generates an AC voltage waveform 
having a fixed frequency and varied amplitude according to a piston reciprocation position, and, 
then, the second square wave corresponding to the AC voltage waveform. That is. as shown in FIG. 
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OK. ,hc stroke generating part 5. of.hc «mke phase detecting pan 5,. eencni.cs ihe AC voltage 
waveform having a fixed frequency and varied amplitude according to a piston reciprocation 
position. Then, as shown in FIG. 6G. the second square wave generating part generates the second 
square wave corresponding to the AC voltage waveform generated at the stroke generating part 5 1 . 
Andahezemcrossdete^^ 
source 10. Then,mecontroll^ 

to a phase difference of the first square wave detected at the current phase detecting part 30 and the 
second square wave generated at the stroke phase detecting part 50. That is, as shown in FIG. 7A, 
the controlling part 70 provides the signal for controlling a piston position as shown in FIGS. 8 and 
9 a cco r di n gtoapha S edifferenceofthe filS t square wave detected at the current phase detecting part 
30 as shown in FIG. 7A and the second square wave generated at the stroke phase detecting part 50 
as shown in FIG. 7B. According to this, the phase controlling part 80 controls the firing angle for 
controllingastrokeinresponsetothecontrolsignalfro^ 

controllingpartSO.Md,^ 

position at which the top clearance becomes a minimum, and provides a signal for controlling the 
piston position at which the top clearance becomes the minimum. 

And, as shown in FIG. 5, the converting part 90 may be added to the system in FIG. 3. The 

convertingpart^^^ 

rectifying part 91 rectifies the AC voltage waveform generated at the stroke generating part 51, and 
theAC-to-DC converting part 92 converts theAC voltage waveform rectified at the rectifying part 
91 into a DC voltage waveform corresponding to the AC voltage waveform. Then, the controlling 
part 70 controls operation according to the DC voltage waveform converted at the AC-to-DC 
converting part 92, and conducts a process identical to the process shown in FIG. 4. 
Industria! Anplicabilitv 
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As hu> h«n o-ph-incd. the Jcx ;cc and nv.hoJ lor cn.ruiline , piston ,,>,iuon in a linear 
compressor has achamages in that on efficiency and j, rcliabi.it> arc made the he* b> controlling a 
piston position in a cylinder such that a top clearance becomes a minimum according to a phase 
difference of a current square wave and stroke square wave. 

It will be apparent to those skilled in the art that various modifications and variations can be 
made in the device and method for controlling a piston position in a linear compressor of the present 
invention without departing from the spirit or scope of the invention. Thus, it is intended that the 
presentinventioncoverthemodificationsandvariationsofthis invention provided they come within 

the scope of the appended claims and their equivalents. 
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, . A device for controlling a piston positionin a .incur compressor, having a power source. 

a triac. and a moior. comprising: 

a curren, phase detecHng pan for detecting a current switched a, .he triac. integrating the 
ctatenr. and generating a firs, sqnate wave corresponding to the integrated current; 

a stroke phase detecting par, to, generating an AC voUage waveform having a fixed 
frequency and varied ampUtude according ,o a pis.on relocation posttion foiiowing tnotor 
oration, and geoetating a second square wave corresponding to the AC voltage waveform; 

a aero cross detecting par, for detecting a aero crossing of tiac vohage supplied from Ac 
power source; and, 

aoon«.llin8par,forgene ra ,ingasigmlforcon tt ollingapis,o„positionacoordingti>aphaae 
differenceofthefirstsquarewavedetecteda.thaeurrentphasede.ectingpananduae second square 



wave 



detected at the stroke phase detecting part. 



2. A device as claimed in claim 1, wherein the current phase detecting part includes; 
a current detecting part for detecting a current switched at the triac. 
an integrating part for integrating the current detected at the current detecting part, and 
a first square wave generating part for generating the first square wave corresponding to the 
current integrated at the integrating part. 

3. A device as claimed in claim 1, wherein the stroke phase detecting part includes; 

a stroke generating part for generating the AC voltage waveform having a fixed frequency 
and varied amplitude according to a piston reciprocation position, and 

a second square wave generating part for generating the second square wave corresponding 
to the AC voltage waveform generated at the stroke generating part. 

11 
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4. A device as claimed in claim 1 . .herein ilw con.milin, P ar, doled, a P i.,lon poshion al 
which ihe top clearance becomes a minimum according to a phase difference of the fir* and the 
second square waves and provides a signal for controlling the piston position at which the top 
clearance becomes the minimum. 

5. A device as claimed in claim 1 , further comprising a phase controlling part for controlling 
a firing angle for controlling a stroke in response to a control signal from the controlling part and 
providing to the triac. 

6. A device as claimed in claim 5, wherein the triac switches a voltage supplied from a power 
source according to the firing angle from the phase controlling part. 

7. A device for controlling a piston position in a linear compressor, having a power source, 

a triac, and a motor, comprising: 

a current phase detecting part for detecting a current switched at the triac, integrating the 
current, and generating a first square wave corresponding to the integrated current; 

• a stroke phase detecting part for generating an AC voltage waveform having a fixed 
frequency and varied amplitude according to a piston reciprocation position following motor 
operation, and generating a second square wave corresponding to the AC voltage waveform; 

a zero cross detecting part for detecting a zero crossing of the voltage supplied from the 
power source; 

a converting part for rectifying a voltage waveform of a stroke detected at the stroke phase 

detecting part, and converting the voltage waveform into a DC waveform; 

acontrollingpartforgeneratingasignalforcontrollingapistonpositionaccordingtoaphase 

difference of the first square wave detected at the current phase detecting part and the second square 

12 
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xvaxc dueled at the M.okc phase Jcicciina pari, and controlling operaiiun according 10 ihe DC 
waveform converted al ihe convening pari. 

8. A device as claimed in claim 7. wherein the converting part includes; 

a rectifying part for rectifying the voltage waveform of the stroke detected at the phase 

5 detecting part, and 

an AC-to-DC converting part for converting the rectified voltage waveform into a DC 

waveform. 

9. A device as claimed in claim 7, further comprising a phase controlling part for controlling 
a firing angle for controlling a stroke in response to a control signal from the controlling part and 

1 0 providing to the triac. 

10. A device as claimed in claim 9, wherein the triac switches a voltage supplied from a 
power source according to the firing angle from the phase controlling part 

11. A method for controlling a piston position in a linear compressor having a power source, 
a triac, and a motor, the method comprising the steps of: 

15 (1) generating a first square wave corresponding to a current of a voltage switched at the 

triac; 

(2) generating a second square wave corresponding to a stroke occurred as the motor is 

operated by the voltage; and, 

(3) controlling a piston position by controlling a phase of voltage switched at the triac 
20 according to a phase difference of the first square wave and the second square wave. 
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!2. A ir.ctiv.nl a- chitnieil in i-laim : I. •.•.herein ihc Mop i ! ) include:, the sicps i.l: 
delecting u current switched al the iriae. and 

integrating the current to generate a square wave corresponding to the integrated current. 

1 3. A method as claimed in claim 1 1 . wherein the step (2) includes the steps of; 
generating an AC voltage waveform having a fixed frequency and varied amplitude 

according to a piston reciprocation position, and 

generating a square wave corresponding to the generated AC voltage waveform. 

1 4. A method as claimed in claim 1 1 . wherein the step (3) is the step for providing a control 
signal for controlling a piston position such that a top clearance becomes a minimum according to 
a phase difference of the first and second square waves. 
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